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PREFACE.

-

In 1873 the writer published a report on ‘‘ The Effects of
High Atmospheric Pressure, Including the Caisson Disease”
which embodied his experience as Surgeon to the East River
Bridge Co. during the sinking of the caisson on the New York
side, together with a résumé of the literature on the subject up
to that time. A new edition of this report being called for, a
chapter has been added giving in a condensed form the thera-
peutic uses of compressed air. This chapter is confined to the
consideration of the pneumatic chamber, in which the condi-
tions are the same as those in the caisson, except that the pres-
sure is less and the period of exposure not so prolonged. To
have extended the discussion so as to include the inhalation of
compressed air by the methods of Waldenburg and others and
the cabinet of Dr. Williams would have made the volume ex-
ceed greatly its prescribed limits, besides opening a line of in-
quiry entirely different from that of the body of the work.

In the preparation of this chapter much use has been
made of Prof. Oertel’s exhaustive treatise, in Ziemssen’s Hand-
buch der Allgemeinen Therapie, to which the reader is referred
for an extended discussion of the subject in all its bearings.

22 Bast 42d Street, New York, July, 1886. ~









the other hand, demanded a rarefied atmosphere.
His views seem, however, to have been purely theo-
retrical, as there is no record of any serious attempt
to reduce them to practice.

More than a century elapsed before the subject
again awakened the attention of scientific men. In
the year 1783, the Academy of Sciences of Haarlem
offered a prize for a description of the best apparatus
for experimenting upon the effects of compressed air,
with a record of experiments made by means of it on
animal life, the growth of plants, and the inflammabil-
ity of the different gases. This prize, however, was
not contended for until more than half a century
later.

Diving-bells were brought into use as early as
the beginning of the sixteenth century, but the con--
densation of the air within them does not seem to
have attracted attention, at least as affecting the occu-
pant. Indeed, whatever influence the increased pres-
sure may have exerted was masked by the impurity of
the air, which, in the machines first employed, was not
renewed. It was found that the strongest man could
not remain under water longer than an hour; but the
ill effects experienced were attributed to the heat
which accumulated in the bell, and which was sup-
posed to affect respiration. Subsequently, when an
apparatus was added for supplying fresh air, it was
remarked that the workmen felt no inconvenience
whatever.
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urine were observed. In some cases, deafness was
relieved, and one case of asthma was entirely cured.

In 1836, Junod published the results of eatensive
experiments upon compressed air as a remedial agent.
This was the beginning of a series of memoirs upon
this subject appearing in rapid succession in France
and Germany. Institutes sprang up in various parts
of the continent, designed to afford the most approved
facilities for this mode of treatment, and the results
obtained were, and continue to be, highly satisfactory.
The “compressed air-baths” are especially useful in
the treatment of pulmonary diseases and of dys-
pepsia.

But as the pressure employed in these baths is
comparatively slight, usually not more than eight or
ten pounds to the square inch, the effects observed
differ widely from those produced by the high pressure
employed for engineering purposes. It is probable,
however, that the investigations in this direction of
Junot, Tabarié, and Pravaz first suggested the em-
ployment of compressed air as a substitute for pumps
in mining operations.

To M. Triger, a French engineer, belongs the
credit of first conceiving and carrying out a plan by
which atmospheric pressure was made to keep back
the water flowing inte a mining shaft. It had long
been known that the valley of the Loire was under-
laid by an extensive bed of coal, but, inasmuch as in
order to reach the coal it was necessary to pass
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into the earth in proportion as the workmen.excavated
at the bottom.

It will thus be seen that the first attempt at this
mode of working embraced all the essential features
of the method as now employed.

In his undertaking, Triger was completely suc-
cessful. The quicksand was passed and the coal
reached, and at the same time there was given to the
world a new engineering resource of exceeding value.

It is much to be regretted that these operations
were not carried on under the eye of a competent
medical observer. The only report we have of them
is by M. Triger himself, and it is natural that the
engineering rather than the medical aspect of the
question should principally engage his attention. His
notice of the effects of the compressed air upon the
workmen is extremely meagre, and is summed up in
the following points: g

“1. At the pressure of three atmospheres it is
impossible to whistle, while a lower pressure does not
produce this effect.

“2. In the compressed air, every one speaks
through the nose, and that is more noticeable the
higher the pressure.

“3. All the laborers remarked that in ascend-
ing the ladders they were much less out of breath
(moins essoufflés) than when mounting to a similar
height in the open air.

“4. A laborer who had been deaf since the
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twice a day. At first, the time allowed for locking
out was one-fourth of an hour, but as the pressure in-
creased it was extended to half an hour. The maxi-
mum pressure was three and one-half atmospheres.

After each shift the men bathed and put on dry
clothes, when a cup of bouillon and a glass of Bor-
deaux were served to each man.

As the number of cases of illness increased, a
sort of ambulance, or temporary hospital, was estab-
lished on the spot.

At a pressure of two and three-quarter atmos-
pheres. Pol experienced in his own person the pain in
the ears while locking in, and the ease with which a
ladder is ascended in the compressed air, confirming
in this latter particular the observation of Triger.
The soot from the candles with which the air in the
shaft was loaded, produced a troublesome cough, at-
tended with black expectoration. The mucous mem-
brane of the nose and throat became stained with it,
and even the feeces were blackened.

While locking out there was experienced by all
the men a feeling of suffocation. Pol was the first to
perceive that the real danger was in passing from the
condensed into the normal atmosphere, instead of in
passing in the reverse direction. On emerging into
the open air, he found that his pulse, which had fallen
while in the caisson from seventy, its normal stand-
ard, to fifty-five, rose suddenly to eighty-five. When
the pressure had increased to three and one-half at-
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tion and respiration, this gas must have been present
in considerable quantity.

The conclusions arrived at by Pol are as follows:

1. A pressure of four and one-quarter atmos-
pheres is not in itself dangerous, but the return into
the open air may cause serious accidents, and even
sudden death. The danger is in proportion to the
previous pressure.

2. The pathological changes consist in visceral
congestions, among which congestion of the lungs and
brain take the foremost rank.

3. The tendency to these congestions increases
with the age, at least between eighteen and firty-five.

4. Not the period of greatest strength, which is
between thirty and forty, but that between eighteen
and twenty-six is that which is exposed to the least
danger.

5. Experience teaches that the ill effects are in
proportion to the rapidity with which the transition is
made from compressed air to the normal atmosphere.

6. Unimportant troubles, such as cough, gastric
symptoms, etc., may be due to the smoke from the -
lamps.

7. The treatment is not different from that
which is usual when like symptoms arise from other
causes. The first indication is to bring about a re-
action, which is in turn to be combatted when it ex-
ceeds physiological limits.

8. One case seems to indicate that the quickest
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duration of the shifts was six hours. Excessive sweat-
ing was observed, followed by thirst after leaving the
mine. There was generally impairment of appetite.

At the same time work was being carried on by
similar means in the coal mines at Liittich. Accord-
ing to the statement of the superintendent, the men
became so emaciated that after a few months they
could no longer be prevailed upon to continue, the
work, notwithstanding large wages were offered and
the most nourishing food provided.

Perhaps the most extensive work undertaken in
Europe by the aid of compressed air was the bridge
over the Rhine, at Strasburg. An account of this is
given by Dr. Frangois, who had medical charge of the
workmen.

The caissons were fourteen in number, each seven
metres long by five and eight-tenths wide and three
and five-tenths high. The locks were two metres in
diameter and four metres in height.

Francois refers to the progressive impairment of
hearing as the pressure increased in the lock; to the
increase of temperature from the compression of the
air; and to the accumulation of soot in the air-pass-
ages, which had been before observed by other writers.
On going out of the caissons, intense pain in the ears
sometimes occurred, together with muscular and
articular pains. A very annoying itching of the skin
was sometimes felt. Cerebral congestions, hcemopty-
sis, and bleeding of the nose, were also not uncom-
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whinh | give a somewhat condensed translation from
e Genman

Fuley abaerves that during the time that the pres-
A Wan wieasing, the organs of hearing were al-
Wt without exeeption, affected.  Occasionally neu-
alEh pats were felt darting through the forehead,
e wanal vavinies, and the jaws; the voice acquired a
i Ll sl whistling became impossible; in a few
Vi cshinieiing was induced.  Taste, smell, and the
s ub i lost theiv acuteness.  There was ex-
Privonnd aowise of warmth in the skin, as if one were
W4 alng v Phe pulse become small and
v aanetines inperceptible to the touch.  The
e e hlond ik w gt red hue.

Pl hiogs seemied to increase in development,
shih e v o the ibs was less.  Shortness of
I ath wacual alien obwerved,  Increase of appetite

e ieed, bt never thirst.

Whil e pieeane temained  stationary, all sub-
] o na disappeared, to return again dur-
gt Jeckig ot Ringing of the cars and bulging
cb e v abiime were abmervenl; taste and smell re-
Pavprcdd, o g bl s o warmth was felt in the
et whivh was mimetiines tollowed by bleeding at
the g A e thne the rapid decline of the
g raliee Lo the eapansion of the air caused ex-
tocin il e

A Dt Hi Jdeneie yemalued in the compressed
att bnn Jooirs al o Hine, Twiee a day, with an interval
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of rest. But as the pressure increased it was found
necessary to diminish the hours of labor.

The ill effects upon the workmen were almost
entirely confined to a distressing itching of the skin
and painful congestive swelling of the muscles. They
observed that the appetite was increased, while thirst
was diminished. The flow of urine was also greater
than usual.

A remarkable case is mentioned, in which a man,
far advanced in consumption, with an enormous cav-
ity in oue lung, and suffering from hectic, persisted in
working in the caisson, contrary to the advice of Foley,
and at the end of two months had gained very much
in flesh, was looking well, and feeling in the best of
health.

I shall have occasion hereafter, when treating of
the Caisson disease, to refer more in detail to some of
the experiences of this writer.

In the year 1868 there was begun at St. Louis a
work which involved the application of compressed
air on ascale far exceeding anything before attempted.
This was the sinking of two piers and two abutments
for a bridge across the Mississippi. The magnitude
of the work consisted in the great depth to which it
was necessary to sink the caissons, in order to obtain
a solid foundation. One of them, at the moment
when it touched the rock, was 110 feet below the sur-
face of the water. This implied a pressure within the
caisson of 50 lbs. to the square inch. The dimensions
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cases, in eight of which death took place. The post-
mortem appearances in these are described. They
were all characterized by congestion of the brain and
cord, and of most of the abdominal viscera.

Dr. Jaminet’s observations are exceedingly valu-
able; but some of his conclusions seem to have been
arrived at without sufficient thought, It is especially
to be regretted that his theory of exhaustion, framed
at the outset, prevented the trial of remedial plans
other than the routine administration of stimulants
and beef-tea.

The facts observed by Dr. Jaminet will be fre-
quently referred to in the following pages, care being
taken to give him credit for all that had not been an-
ticipated by others.

3 H
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without affording opportunity for the air to escape.
In this way the earth was being constantly removed
from underneath the caisson, and the vast mass settled
day by day down through the gravel and quicksand,
which formed the bed of the river, until at a depth of
78 feet on the New York side, a solid foundation was
reached. In proportion as the caisson settled the
masonry upon it was built up, so that the top of the
stone-work was always above water. When a solid
foundation was reached, the interior of the caisson
was filled with concrete, and the 400,000 cubic feet of
timber was left buried nearly 8o feet below the sur-
face, where, practically indestructible, it remains as
the foundation of the tower.

Of course the pressure of air required to keep
the water out of the caisson increased in exact propor-
tion to the depth. Thus, at the beginning of the
work, the caisson being covered by forty feet of water,
the pressure was about eighteen pounds to the square
inch, while at the close of the work it stood at thirty-
six pounds.

The air-locks were connected with the surface of
the pier by means of a spiral stairway within the shaft.
Ascending this was found to be exceedingly fatiguing
as the depth increased, and the stair in one of the
shafts was finally replaced by a steam elevator.

Looking upon it merely from a sanitary point of
view, I regard it as a serious mistake to have placed
the air-locks at the bottom instead of at the top of
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method has the advantage over that employed by Dr.
Jaminet, viz: merely shaking an open bottle contain-
ing lime-water—that it constantly brings new portions
of air into contact with the fluid.

By increasing the number of compressors by
which the air was supplied (the excess of air escaping
beneath the edge of the caisson) the atmosphere was
brought to such a degree of purity as to contain only
one-third of one per cent. of carbonic acid, as I deter-
mined by actual analysis. This amount of vitiation
was found not to affect the men unfavorably. To
maintain this standard, however, nearly 150,000 cubic
feet of air were required per hour.

The number of men employed at one time in the
caisson varied from fifty to one hundred and twenty-
five in the day time, and from fifteen to thirty during
the night. At first the time was divided into two
“shifts " of four hours eachi, separated by an interval
of two hours. As the depth increased the hours were
reduced, until at last the two shifts comprised but
four hours, divided by a four hours’ interval.

It was not until the pressure had reached about
twenty-four pounds that any serious effect upon the
men was observed. At this time I began my daily
attendance of from one to three hours at the bridge.
The first step was to prepare a set of printed rules,
copies of which were posted conspicuously. These
rules were as follows:
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Serious cases were ultimately sent to the public hospi-
pitals or to their homes,

The ages of the men ranged from 18 to j0.
Almost all nationalities were represented, but I did not
find that any sensible difference in ability to bear the
work resulted from nativity, as observed by Pol

The habits of many of the men were doubtless
not favorable to health, Lut everything which admoni-
tion could do, was done to restrain them from ex-
cesses. Many of them slept in crowded lodging-houses,
where the beds or bunks were arranged in tiers, one
above the other; in rooms in which there was scarcely
an attempt at ventilation. One of them fell a victimto
spotted fever, contracted from such surroundings, and
his death was at once ascribed by his comrades to the
effects of the condensed air.

Serious inconvenience was occasioned to the men
in the caisson by the large amount of unconsumed
carbon from the gas, which floated in the air in the
form of smoke. The inhalation of this produced more
or less irritation of the air-passages, and gave rise to
a very characteristic black expectoration. This con-
tinued for an astonishingly long period after the work
in the caisson was terminated. Atthe time of my writ-
ing, nearly six months after the work was completed,
some of the men are still coughing up sputa, streaked
with black. Where this carbon could have been lodged
for so long a period, is a question which I am not pre-
pared to answer.






CHAPTER L
EFFECTS OF COMPRESSED AlR.

The effects of a highly condensed atmosphere
upon the system may be divided into those which are
physiological or consistent with health, and those
which are pathological, and constitute or induce
disease. .

The physiological effects will be considered ac-
cording to the organs or functions in which they are
exhibited.

Effect on the Hearing.—It is a law of acoustics
that within the limits of mobility the denser the medi-
um through which the sound waves are communicated,
the larger the wave, and therefore the louder the
sound. This supposes, of" course, that the.ear itself
remains under normal conditions. Such, however, is
not the case when the observer is in a highly con.
densed atmosphere. The unusual pressure upon all
parts of the auditory apparatus opposes a mechanical
obstacle to the freedom of vibration, which is essential
to perfect hearing.* Hence, although larger sound
waves may strike upon the ear-drum, feebler impres-

* An analogous fact was observed by Foley, viz,, that
his watch invariably losz time when taken into the caisson, thus
showing that the movements of the balance-wheel were less
free in the compressed than in the normal air.
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ure af 33 Ibs, which accords with my own observa-
tions. He ascribes this increase of three or four per
minute to an increased absorption of oxygen. Exper-
iments show, however, that simply increasing the sup-
ply of oxygen, diminishes the frequency of respiration
instead of increasing it. The true explanation, I
think, is to be found in the fact that the quantity of
carbonic acid held in solution by blood, as by water,
is in proportion to the pressure to which the gas is sub-
jected; and hence with the pressure existing in the
caisson, the elimination of carbonic acid from the blood
would not be as perfect as under normal circumstances,
unless the air in the lungs were more frequently
changed. As observed by Francois and Dr. Jaminet,
the depth of the inspiration is also increased. With
the view of appreciating the amount of increase of the
respiratory movements, as well in amplitude as in fre-
quency, I devised the following plan: By a very
simple contrivance attached to a steel band placed
around the chest, a measuring tape was made to
traverse with each inspiration a distance correspond-
ing to the increase in the circumference of the chest.
The aggregate distance traversed in a given time was
made the standard of comparison, and of course indi-
cated the combined frequency and amplitude of the
respirations. :

A number of trials with this instrument made
upon myself in the open air, gave a very uniform re-
sult of 1% inches of tape unwound every two minutes.

L]






back to its normal standard, or even, it may be, below
it.* The blood has now become saturated with oxy-
gen, and consequently a less active circulation is de-
manded.

Doubtless, if the pressure were very gradually ad-
mitted, the preliminary rise in the pulse would not
take place, the favorable chemical action keeping in
advance of and counteracting the unfavorable me-
chanical conditions.

The effect of high atmospheric pressure upon the
volume of the pulse is always, according to my obser-
vation, to diminish it. This is easily accounted for by
the pressure exerted upon the artery, which prevents
its yielding readily to the expanding force of each suc-
cessive wave of blood. Hence the pulse is small,
hard, and wiry. These characteristics are indepen-
dent in a great degree of the frequency of the beat,
although as the heart recovers from the irritable con-
dition into which it is thrown by the sudden increase
of the pressure, and settles down, so to speak, more
calmly to its work, it contracts with more force, and
the pulse gains somewhat in volume. These changes
in both the frequency and fullness of the pulse are
well shown in the annexed tracings, taken in the
Brooklyn caisson. The upper line represents in each
case the normal pulse, the lower line that in the com-
pressed air.

*My experience in this corresponds precisely with that
of Dr. Jaminet.






These figures give an average of ninety. On an-
other occasion, with a pressure of thirty-two pounds,
and a sojourn in the caisson of two and a half hours,
the average was eighty. Whether a longer exposure
to the same pressure would have produced a further
decline in the frequency of the pulse is a question
which the hours for working did not allow me to de-
termine.

It is remarkable that the wide variations in the
pulse-rate above mentioned were not accompanied by
any symptoms appreciable to the individual. A man
with a pulse of fifty-two, and another with one of one
hundred and sixteen, felt equally well, and each was
entirely unconscious of anything unusual in the heart’s
action.

The effect of the pressure upon the cutaneous
vessels is shown by the pallor of the face, which is
very marked, and continues for fifteen or twenty
minutes after leaving the caisson. The hands, too,
feel shrunken, and the palmar surface of the fingers
is often shrivelled, as if soaked in water. The pres-
sure acting upon all sides of the fingers empties them
to a considerable extent of blood, rendering the skin
apparently too large for them. The veins, too, on the
back of the hand seemed to be effaced.

This absence of blood from the surface implies
necessarily an excess in the interior of the body, where
the effect of the pressure is not as great. This point

\
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The foregoing explanation of the apparent in-
crease of perspiration is important, as it bears upon
the theory of excessive waste of tissue, in which the
perspiration is supposed to aid.

Effect upon Digestion—Nearly all authors who
have written upon the effects of compressed air agree
in stating that for a time, at least, it increases the ap-
petite to a remarkable extent. Indeed, this is one of
the first and most favorable results observed where
compressed air is applied remedially. With this ex-
perience my own observations in the main agree. It
was frequently remarked by the men working in the
New York caisson that their work made them unusually
hungry, that they ‘could not get enough to eat,” etc.
Of course, it was not possible to obtain any exact
data as to the relative amount of food consumed, but
from careful inquiries I arrived at the conclusion that
it was considerably in excess of what is usual in the
case of men engaged in similar labor in the open air.
Still, there were many exceptions to the general rule,
especially among those who had been long engaged
upon the work, and whose general tone was beginning
to deteriorate. Among these, loss of appetite was
often complained of.

The fact of this generally increased appetite
seems to point to an increased waste of tissue, to be
supplied by a greater consumption of food. An in-
creased absorption of oxygen such as we assume to
take place, seems from the observations of several



authorities* to imply greater activity of tissue-change
as the w/timate result. But in this case I think it is
scarcely safe to accept this explanation at once as con-
clusive and sufficient. It may well be questioned
whether during the actual sojourn in the caisson the
functions of digestion, absorption, and assimilation
proceed normally under the wide departure of the sys-
tem from its normal conditions. If it could be shown
that a considerable portion of the food taken before
entering the caisson is but imperfectly digested or as-
similated, the subsequent hunger could be readily ac-
counted for. I am not aware that this point has ever
been investigated, but I can scarcely believe that such
an’'increase of appetite as is described could depend
wholly upon increased interstitial change without giv-
ing rise to marked elevation of temperature and other
symptoms denoting unusual chemical activity. On
the contrary, I think it highly probable that an exam-
ination of the dejecta would show them not to be en-
tirely exhausted of nutritious material. At all events,
until this point is subjected to rigid tests, it will be
unsafe to regard the amount of food consumed as a
measure of the metamorphosis of tissue.

If the metamorphosis of tissue is really great-
ly accelerated through the influence of com-
pressed air, it should be apparent in a more prompt
healing of wounds. The following experiment was
intended to test this point:

* New York Medical Journal, April, 1870.
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no warrant for believing that it so acts as to cause the
removal of particles not yet effete, and which but for this
would have remained normal active constituents of the
body. Behind mere chemical action lies a vital prin-
ciple in accordance with which each molecule.is born,
as it were, into the economy, reaches maturity, per-
forms its function, becomes effete, and is succeeded
by a new molecule; and to break in upon this is to
strike at the very essence of life.

I do not intend by this to deny that an atmos-
phere highly oxygenated, either by the addition of
oxygen or by compression, is capable of accelerating
the vital processes within certain limits.. I only con-
tend that these limits correspond with the extreme
limit of physiologicol demand—that the capacity of the
system to appropriate and use oxygen has a definite
relation to the possible wants of the system wunder
natural conditions. For a contingency beyond these,
nature has made no provision.
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Epigastric Pain and Vomiting.—Pain at the pit
of the stomach, usually, but not always, attended by
vomiting, is of frequent occurrence. It occurred in
24 per cent. of my cases. This is a much smaller per-
centage than that observed by Dr. Jaminet, who
found the gastric symptoms to be present in 6o out of
77 cases. This may be owing to the pressure being
greater at St. Louis than at New York, nearly all of
Dr. Jaminet’s cases occurring under a pressure of 40
Ibs. and upward, while the pressure at New York did
not rise above 36 pounds.

The pain in the epigastrium, if not relieved by
treatment, is generally followed within a brief period
by vomiting, which may continue with great persist-
ence even after the pain has ceased. In most cases,
however, the vomiting is limited to the ejection of the
contents of the stomach.

In a few instances I observed the occurrence of
vomiting without the usual preceding pain. In these
cases there was also dizziness, indicating that the
vomiting was of cerebral origin. ’

Paralysis—This occurred to a greater or less de-
gree in 47 out of 77 cases observed by Dr. Jaminet.
This is at the rate of 61 per cent. At New York it
occurred in only about 15 per cent. of the cases; the
difference being due, no doubt, to the ditference of
pressure. The paralysis affects most frequently the
lower half of the body, but it may include the trunk
or one or both arms. In rare instances the arms alone













pression. But permeating these structures in every
direction are vessels in perfect communication through-
out the entire system, and filled with a mobile fluid,
which is free to change its locality in obedience to any
force which is brought to act upon it. Now, when
the surface of the body is subjected to an even pres-
sure on all sides, the tendency is to a distribution of
this pressure toward the centre. If the body were
composed entirely of solids, this could be affected
only by the compression of these solids, and a point
would very soon be reached where the resistance
would balance the compressing force, and the parts
lying more toward the centre would remain unaf-
fected. But the presence of a fluid in the structures,
with free channels in which to move, changes all this.
While the solid tissues resist compression, the fluid
blood retreats from the surface to the centre, and ac-
cumulates there until an equilibrium of pressure is
produced. )

Hence we deduce the law, that under high atmos-
pheric pressure the centres will be congested at the
expense of the periphery.

But, aside from location, vessels coursing through
dense and resisting organs, will be less exposed to ex-
ternal pressure than those passing through soft and
yielding structures. Hence a second law, that firm
and compact structures will be congested at the ex-
pense of those more compressible.

But there are structures very soft and yielding in
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slowly introduced into the veins escapes through the
lungs, and that a large quantity can be injected in this
way without danger.

Hence with the small amount of air which my
experiment shows to be disengaged from the blood,
and with the process extended over eight or ten min-
utes at least, it seems clear that we cannot explain in
this way the phenomena observed in the Caisson
Disease.

Causes.—The one essential cause, without which
the disease can never be developed, is tke transition to
the normal atmospheric pressure, after a prolonged so-
Journ in a highly condensed atmosphere. Hence we
have to consider two elements, pressurc and #ime. As
the momentum of a moving body is found by multi.
plying the weight by the velocily, so the danger in
these cases is as the degree of pressure to which the
person has been exposed, multiplied by the duration
of the exposure.

But inasmuch as a prolonged sojourn in the cais-
son does not in every case produce the disease (many
of the men employed escaping it entirely), it follows
that there must be concurrent causes waich determine
its development. This is what we observe in many
other diseases of a specific origin. Thus the essential
cause of intermittent fever is exposure to a peculiar
malaria, yet only a portion of those so exposed are af-
fected by the disease.

The first of the concurrent causes of the Caisson
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were found to be distributed among these three classes
as follows: Spare, 28; medium, 22; heavy, 36.

Considering that among laborers below the age
of 45 (and none of the cases were above that age), the
class described as 4¢avy are very much in the minority,
these figures were sufficiently striking.

In order to arrive at the converse of this I de-
sired the time-clerk to prepare a list of those who
had lost least time fromillness, 7. ¢.,those least affected
by the work. The figures in this case were even more
striking. The list comprised the names of 42 men,
who were classified as follows: Spare, 25; medium,
14; heavy, 3.

I next separated the severer cases of illness, which
were marked by paralysis; of these there were 13:
Spare, 2; medium, 3; heavy, 8. Those who had died
up to that time, three in number, were all keavy men.

These results may be tabulated as follows:

o ] > o
$IEl318
@ g =] &
Lost little or no time from sickness| 25 14 3 42
Taken sick ...oovvevivvernnnnnns 28 23 36 86
Paralyzed ............ccivvunnen 2 3 8 13
Died....civveivnerennaenannns 3 3
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1 hoped at one time that an opportunity would be
afforded at the New York caisson for obtaining some
data bearing upon this point. During the early part
of May an elevator was arranged, but unfortunately
just at that period great changes took place in the
force, and at the same time various interruptions in
the work occured, so that the matter was hopelessly
complicated, and no data for comparison could be
obtained.

The Abuse of Alcokol.—Several writers have re-
marked that habitual drinkers are more likely to be
affected by compressed air than those who used spirits
moderately or not at all. It is stated by the director
of the work at Douchy,* that the attacks from which
the men suffered were “almost always coincident with
some excess committed in the interval of the shifts.”
It is easy to perceive that as the disease is character-
ized by cerebral congestion, the abuse of alcohol,
which has a tendency to produce the same result,
would act as a predisposing cause. Although no cases
directly attributable to this cause came under my ob-
servation, I have no doubt that there is danger from
it; and I therefore rejected several men who applied
for work in the caisson, for no other reason than that
their appearance indicated an habitual excessive use
of alcohol.

* Annales d’Hyg. Pub. et de Med. Legale, 1854.
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morphine at the outset, and a quarter of a grain every
half hour afterward until relief was obtained. When
employed hypodermically, which is the method afford-
ing most prompt relief, somewhat smaller doses may
be used.

In some instances I have obtained the very best
results from hypodermic injections of atropine at the
seat of pain; but in other cases it failed to procure re-
lief, and, upon the whole, I consider it inferior to
morphine.

Dr. Jaminet, regarding the affection as wholly the
result of exhaustion, relies entirely upon stimulants
and concentrated nourishment, ignoring the aid of
anodynes altogether. I can see no reason for this,
even admitting to the fullest extent his theory of the
disease, for nothing can be more exhausting than
the intolerable pain which characterizes this affection,
and nothing could act more promptly as a restorative
than an efficient anodyne.

Starting from the theory already given as to the
mode in which the disease is produced (a theory
which was constructed wholly upon the observations
of others), I was lead to the idea that benefit would
be derived from the use of an agent that would induce
contraction of the capillaries, and thus correct the
want of tone which I consider to lie at the foundation
of the difficulty. For this purpose I proposed the use
of ergot before I had ever seen a case of the disease.
I reasoned that it would be useful, first, by contract-












entering the caisson, to return again on coming into
the open air. Indeed, I do not remember a single
exception to the rule, that any pain which may have
been felt before, disappeared almost immediately on
going below.

Foley says, as the result of his experience: “A
true specific is returning to the caisson, through which
means all such accidents (pains, vertigo, etc.) speedily
disappear. It is to be resorted to unhesitatingly in all
threatening cases, and the pressure should be admitted
rapidly.”

But the means of access to the caisson are usually
such that it would be difficult to remove a patient into
it, even if he could be comfortably cared for while
there, or if his presence would not interfere with the
work. It would, therefore, be desirable to have facil-
ities for employing compressed air at some point above
ground which would be easily accessible.

My plan would be as follows: Let there be con-
structed of iron of sufficient thkickness, a tube nine
feet long and three and one-half feet in diameter, hav-
ing one end permanently closed, and the other pro-
vided with a door opening inward, and closing air-
tight. This tube to be placed horizontally, and
provided with ways upon which a bed could be slid
into it. Very strong plates of glass set in the door
and in the opposite end would admit the light of can-
dles or gas jets placed immediately outside. This
apparatus should be connected by means of a suitable
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his place at once, and did not report again. Though
he stated that he had had no previous trouble with
the ear, the fact of the discharge when the membrane
was ruptured, leads to the suspicion that there was
catarrh of the middle ear, which probably accounted
also for the stoppage of the Eustachin tube.

Case 3. — (Frangois). Patient at Argenteuil
seized with otalgia on coming out of the caisson,
where the pressuse was 13 lbs. to the inch. Pain per-
sisted for 15 days without intermission, notwithstand-
ing the most active treatment, including purgatives
and the application of leeches and antimony behind
the ear. Condition of the tube and of the drum not
stated.

Case 4.—Patrick O'Farrell. Reports March 11th,
that he was taken four days ago, on going down into
the caisson, with pain in the region of the frontal
sinus. On coming up, the pain was increased, and
there was bleeding from the nose. The pain has con-
tinued ever since. Ordered anodynes and hot fomen-
tations.

14th. Reports tor duty.

Case 5.—Hugh Rourke. March 12th, while go-
ing home in the evening, was taken with severe pain
in the right knee. Pain continued all night. On the
following morning he returned to his work, when, on
entering the caisson, he found that the pain ceased at
once. On coming up again it returned with increased
severity. Controlled by morphine.

Lo 8
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lower than in the other leg. No pain. Complaint of
a “want of hold upon the ground” in attempting to
walk.

Cold water was poured upon the lower part of
the spine for several minutes, after which there was a
decided improvement in the leg. He was able to
walk home; but did not report again, and I lost sight
of the case. .

Case 24.—Fred. Wilkinson. Taken May 2ist,
after the second watch, with pain in the right knee.
Considerable swelling above and internal to the pa-
tella. Slight elevation of temperature. Relieved by
the cold douche.

The minutes of the following case were kindly
furnished me by Dr. Walter Reed, of the Brooklyn
City Hospital, and are so interesting that I transcribe
them in full: .

Case 25.—‘“Michael Madigan, age 36, Ireland,
laborer, admitted March 25, 1872. A large, robust
man; states that he has been working on the East
River Bridge for three months past, and that for sev-
eral weeks past has been under a heavy atmospheric
pressure (about 30 Ibs.).

¢ March 25th, about noon, after coming up from
- the caisson, was taken with cramps in his stomach,
which required a dose of medicine for their relief.
He then went to dinner, after which he returned to
work, but felt so weak in the legs and in the small of
the back that he was compelled to leave off. Was
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the stairs, and when nearly at the top, he sank down
insensible, and was dead before he could be laid upon
his bed.

The autopsy, which took place at the Morgue,
was made by Dr. Janeway. It showed that the brain,
heart, kidneys, and larynx were perfectly normal.
The only lesion discovered was in the lungs, which
were congested to a very remarkable degree. The
entire extent of both lungs presented an appearance
closely resembling that of a highly congested spleen.
The spinal canal was not opened; but nothing was
found elsewhere to account for the sudden engorge-
ment of the lungs.












— 96 —
reference to their trustworthiness, and, if it is found
that they cannot be depended_ upon, the air-cocks
should be so arranged that the aperature can be
graduated from time by the engineer in charge, so as
to prevent the possibility of a too rapid change of
pressure.

In entering the caisson, at least three minutes
should be allowed in the lock for each additional
atmosphere of pressure, and at least five minutes in
coming out.

As for the uumber of hours of work daily, the
rule given by Mr. Collingwood will serve as a general
guide. ¢ Taking it for granted that 12 hours is the
extreme time that a man can labor without detri-
ment to health, in an ordinary atmosphere, then
with a pressure of two atmospheres, or 15 Ibs. addi-
tional pressure, he can labor about one-half that time;
with three atmospheres, about one-third of that time;
and with four atmospheres, about one-fourth of that
time. In other words, the time is inversely as the
pressure.” *

Whenever, for any cause, a sudden increase of
pressure is demanded, the watch should be shortened
to a corresponding extent.

The air-locks should be placed at the top rather
than at the bottom of the shaft, in order that the stair
may be climed 7z the compressed asr, instead of imme-

* Trans. Am. Society of Civil Engineers, p. 133.
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the earth, and is passed through a filtering apparatus
by which it is freed from dust. The excess of heat
produced by condensation is removed by passing the
air through a coil of pipe surrounded by cold water.

With a view to strength, the form of the chamber
is usually cylindrical, with either convex or concave
heads. Light is admitted by heavy circular plates of
glass set into the sides of the chamber.

The treatment by compressed air in this form
is applicable to only a limited circle of diseases. It
is in place only when equally good results cannot
be obtained by more convenient and more accessi-
ble methods.

The general indications for this form of treat-
ment are derived from its mode of action, which is
two-fold: 1. As simply a mechanical agent by virtue
of the pressure upon the several tissues and organs;
2. As exciting certain chemico-physiological processes
to greater activity.

As a mechanical agent it is capable of lessen-
ing hyperemia in situations accessible to direct
pressure.

As a consequence of this it lessens hypersecre-
tion, and is useful in catarrh of the mucous mem-
branes. It also promotes the resorption of inflam-
matory exudations.

By increasing the supply of blood to those parts
less accessible to direct pressure, it is useful in an-
zmia of the brain and cord, and can be employed






— 102 —

expression. Experience shows that a few sittings of
from half an hour to an hour daily, the pressure be-
ing about 1% atmospheres, will often result in a
complete cure (Oertel). Acute catarrh of the upper
air passages seems to be quite as amenable to this
treatment as when the inflammation is situated with-
in the thorax. This however is not the case when
the laryngeal inflammation is of long standing, and
considerable structural changes have taken place.
Compressed air has but little influence upon these -
changes, while upon the more delicate structures of
the pulmonary mucosa in chronic inflammation the
action is very satisfactory, though the treatment may
require time and patience. The pressure tends to
empty the vessels, to condense the tissues and to
prevent their becoming softened and cedematous from
serous infiltration.

If, as is often the case, there is dilatation of the
right ventricle as a complication, the distressing
dyspncea, etc., will be greatly relieved, at least tem-
porarily, by the treatment. Meanwhile a gradual
change takes place in the direction of health: the
vesicles recover their tone, inflammatory products are
reabsorbed, local nutrition is improved, and fresh
epithelium takes the place of that which was lost.

In pulmonary emphysema the benefit derived from
the use of compressed air is due mostly to the relief
‘of existing complications. For while some observers
have contended that under the influence of improved
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powerful aid to the internal treatment usually em-
ployed.

According to the form and stage of the affection
this treatment may be regarded as prophylactic, radi-
cal or symptomatic.

In order to contend against phthisis it is im-
portant to reverse as early as possible the conditions
favorable to the development of the disease. In this
way compressed air may have a prophylactic action.
The narrow chest, more or Isss flattened in the infra-
clavicular region, of little depth, and with restricted
respiratory movement, acquires under the mechanical
action of the condensed air and the improved nutri-
tion of the respiratory muscles a greater range of ex-
cursion; the undeveloped, anzmic, .and vulnerable
lungs become more or less expanded; and the frequent
and superficial respirations become less frequent and
deeper.

As the result of these changes the predisposi-
tion to phthisis is lessened.

Physical examination of the chest, together with
the increased spirometric capacity and the improve-
ment in body-weight afford a measure of the effective-
ness of the treatment.

The earliest recognizable signs of apical catarrh
in those predisposed to chest disease should be met
by prompt and persevering treatment. If left to itself
it will in the majority of cases go on from bad to
worse until it merges into developed phthisis. But






— 106 —

tormenting cough, which is so often present. The
breathing gradually improves, and the lungs become
more and more expanded, with a resulting increase in
the vital capacity. A necessary result is a more per-
fect hematosis, followed by improved nutrition, both
general and local.

In favorable cases, the parts of the lung most re-
cently involved, or in which the morbid processes are
least advanced show a disposition to a retrogression
of the diseased action, and the improvement may be
followed from week to week by means of the physical
signs, _

The result of the treatment, however, will be in-
fluenced largely by the degree of fever present. When
this is absent, or slight, the maximum temperature not
exceeding 101° F., we may expect, according to
Simonoff (Oertel), a decided improvement. Indeed,
he declares that in such cases one-third recover en-
tirely. On the other hand, when the maximum tem-
perature reaches 102%° to 103° F., complete recovery
is scarcely to be expected, though marked temporary
improvement may often be obtained. When the
temperature reaches 104° F., or over, the prognosis is
wholly bad. Still, even here the most distressing
symptoms, such as the cough, the dyspncea, and the
exhausting sweats can often be notably ameliorated.

The prognostic significance of the fever, how-
ever, is confined to those cases in which the high
temperature continues or recurs daily. A transient
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rather a tendency to phthisis than the presence of
tangible change of structures.

The treatment by compressed air in plesritic
effusion is indicated: 1st. to promote the abhsorption
of the exudate through the direct influence of the
pressure; 2d. to aid in the expansion of the com-
pressed lung, and 3d. to correct the resulting de-
formity of the chest. Finally, catarrah of the bronchial
membrane in the compressed lung is removed in this
way more certainly and more rapidly than any other
(Oertel).

Non-purulent effusions yield to this treatment
much more readily than empyema, and the recovery
is more rapid in proportion as the effusion is recent.
But even a purulent fluid is not wholly proof against
its beneficial influence. In the beginning there is
apt to be a rapid decrease in quantity, but after a
time the improvement ceases.

According to Simonhof, the treatment tends to
promote the evacuation of the pus through rupture
of the lung. If such rupture takes place, the in-
creased expansion of the lung due to the high press-
ure favors the emptying of the abscess, and in this
way facilitates recovery.

When the absorption of purulent materal is very
rapid, rise of temperature and other signs of septic
infection may be observed. These however are of
short duration, especially if the treatment is suspended
or made less active. In many cases without a change
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same remark would apply in the case of a dilated
right ventricle, and the advantage derived from
emptying the engorged pulmonary vessels would be
more than neutralized, if the sitting were too pro-
longed or the pressure too great, by the increased
labor thrown upon the right heart. In fact, in any
cardiac affection the chance that the patient will be
benefitted will depend in large measure upon the
judgment and experience of the physician having the
treatment in charge.

It has been claimed that the use of compressed
air, by favoring the oxidation of tissue, is effective in
the treatment of obesity. But, to be succesaful, it is
generally necessary that the treatment should be sup-
plemented by withdrawal of the fat-producing articles
of diet, and, as the latter expedient is usually suffi-
cient in itself to attain the object in view, there is little
to recommend the employment of the cabinet in the
first instance.

There seems to be no room to doubt that the
cabinet treatment exerts a favorable influence upon
cases of defective hamatosis, and, therefore, upon
an®mia and chlorosis. The best results are obtained
when the pressure is not allowed to rise above five or
six pounds to the inch. Rapid cures have been ef-
fected in this way.

A higher pressure rather hinders than favors the
renewal of the blood corpuscles, probably by making
too great a demand upon the weakened heart muscle.
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supply the defect. Headache, insomnia, acid dys-
pepsia and all the train of symptoms, associated with
excessive formation of lithic acid, may be benefitted
in this way. Thus the cabinet affords another means
of combatting what too often baffles all other thera-
peutic resources. )

Simple anzmia is a disease which yields readily
to the treatment by compressed air. We should ex-
pect this, @ priori from the action of the latter upon
hamatosis. Generally, however, other and more con-
venient means suffice for the removal of this condition.
Yet we quite frequently meet with cases, which while
they can scarcely be called “pernicious” are yet ex-
tremely rebellious to the usual methods of treatment.

_ In such cases, if the means are accessible for the use of
compressed air a promptly favorable result may be
expected. The use of iron, arsenic, etc., may be con-
tinued simultaneously, and in severe cases enemata
of defibrinated blood may be added with much benefit.
The combined use of these three methods will scarcely
fail unless the anzmia has its origin in incurable
organic disease.

It would be difficult within the limits of this
chapter to enumerate, much more to describe, the
various conditions in the treatment of which com-
pressed air has been found more or less useful. In
anzmia of the brain and cord it acts directly by forc-
ing blood into the under-filled vessels, and in my
opinion the possibilities of usefulness in this direction
have not been rated at their full value.

Finally as a general alterative this method, com-
bining as it does a vital effect upon the constitution of
the blood and a mechanical effect upon its distribu-
tion, offers promise of benefit in cases not amenable to
ordinary measures.
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